19.3 h (17.3-20.9) at one, six and twelve months, respectively. Longitudinal changes in sedentary behaviour were estimated using linear mixed effects models. Covariates were age, sex, stroke severity (NIHSS score), physical capacity (6-minute walk distance) and functional independence (Nottingham Extended Activities of Daily Living Questionnaire). Higher stroke severity and less functional independence were associated cross-sectionally with more sedentary behaviour (β=0.11, S.E.=0.05, P = 0.020 and β=-0.11, S.E.=0.01, P < 0.001, respectively). Importantly, the pattern of sedentary behaviour did not change over the first year following stroke and was independent of functional ability. Physical activity is recommended in stroke rehabilitation and provides protective benefits in 1 the primary and secondary prevention of stroke. 1-3 However, new evidence shows that 2 sedentary behaviour in the general population has a deleterious effect on health, 3 independently of the amount of physical activity. 4, 5 This raises the question that reducing 4 sedentary behaviour, or changing patterns of sedentary behaviour, may present another 5 therapeutic target for secondary prevention and rehabilitation of stroke survivors. 6 7 Sedentary behaviour is defined as a cluster of behaviours adopted in sitting or reclining 8 postures with low energy expenditure (e.g. watching television or travelling by car). 6, 7 9
Sedentary behaviour has significant negative impacts on metabolism and cardiovascular 10 health, especially when accumulated in long uninterrupted periods, which are not 11 can be physically active (e.g. running for 30 min per day) and yet spend prolonged periods 17 sitting at work. 18
19
Little is known about sedentary behaviour in the stroke population, specifically the amount of 20 time spent in sedentary behaviour and the manner in which sedentary time is accumulated. 12 21
A recent cross-sectional study reported no differences in sedentary time between stroke 22 survivors (N=42) and healthy controls, however time since stroke was on average 2.8 y. 13 To 23
date, the only longitudinal study (N=25) reported a decrease in sedentary behaviour at three Larger-scale, longer term studies using in-depth measures of sedentary behaviour, which 29 account for functional ability, are therefore required to record the amount and patterns of 30 sedentary behaviour over the longer term post stroke, and to explore whether this is 31 correlated with functional ability or requires specific behavioural intervention. 32
33
The aim of the present study was to characterize the longitudinal changes in the amount and 34 pattern of sedentary behaviour following stroke, using state-of-the-art objective measurement 35
in free-living conditions on a larger, more representative sample and taking into account 36 potential confounders; age, sex, stroke severity and functional ability. Although this was an 37 exploratory study, it was hypothesized that sedentary time would decrease gradually over 38 time in line with improvements in functional ability. Participants with a recent acute haemorrhagic or ischaemic stroke were recruited between 1 46
July 2009 and 30 June 2011 as part of a longitudinal cohort study of fatigue after stroke (the 47 Edinburgh Fatigue after Stroke, EFAS, study). 15, 16 Patients were admitted to the Western 48
General Hospital or the Royal Infirmary of Edinburgh, or were seen in an outpatient clinic. 49
Exclusion criteria were: subarachnoid haemorrhage (unless secondary to an intraparenchymal 50 haemorrhage); dysphasia or cognitive impairments severe enough to preclude them giving 51 informed consent; medically unstable and/or considered too unwell by the clinical team to 52 participate. Written informed consent was obtained from all participants. The study was 53 approved by the Lothian Research Ethics Committee. Participants underwent assessments at 54 one, six and twelve months after stroke, which included a structured interview to identify 55 participants with clinically significant fatigue and measurement of physical activity. Figure 1 inclinometry of the thigh 21, 22 and has been validated in patients with stroke. 23 Participants 78 wore the activPAL™ sensor on the leg unaffected by stroke for up to seven consecutive days. 79
ActivPal is capable of recording for a maximum of seven consecutive days, and we used all 80 available data. 81 82 Individual days of activPAL™ data were screened using PAL Analysis v5.9.1.1 software and 83 valid days, defined as a 24-hour day of recording without any spurious data (e.g. due to an 84 interruption in wearing time), were identified. A recent study showed that, for postural 85 sensors such as the ActivPal, a single 24-hour recording period is sufficient for analysis of 86 To deal with missing data, the longitudinal patterns of sedentary behaviour were analysed 147 using linear mixed effects models (R function lmer 33 ). However, since mixed models assume 148 that missingness is at random, we checked that there was no selection bias. Specifically, we 149 used non-parametric tests (Mann-Whitney U and Chi-Square tests) to check that participants 150 who completed one or two assessments did not differ from those who completed all three 151 assessments on a range of baseline variables. We also compared the baseline characteristics Age ranged from 38 to 90 years (median = 72). Seventy-nine patients (84%) had sustained a 182 mild stroke (NIHSS score of 4 or less) ( Table 1) . Ninety-six patients provided valid 183 activPAL TM data on at least one occasion. A total of 75, 64 and 58 recordings were obtained 184 at the three consecutive assessments, respectively. The mean number of valid recording days 185 was 5.65 (S.D. = 1.89) and most sessions contained one or two weekend days (11% and 84%, 186 respectively). 187
188
To address concerns that data was missing non-randomly in this study (at six and twelve 189 months), the sample of patients with one or two valid recordings (N=65) was compared with 190 the sample of patients who completed all three assessments (N=31) on a range of baseline 191 variables. The groups did not differ with respect to age, sex, NIHSS score, previous stroke or 192 MMSE score, therefore there is no a-priori reason to suggest non-random dropout. ( Figure 2B ). An hour of sedentary time tended to be accumulated in 2.3 bouts (fragmentation 208 index; IQR = 1.8-2.9) ( Figure 2C) . (Table 3) . A higher NIHSS severity score was associated cross-sectionally with 227 greater sedentary time (β=0.11, S.E.=0.05, P=0.020). Weighted median sedentary bout 228 lengths were higher for every year increase in age (β=0.02, S.E.=0.01, P<0.011). 229 230 Next, we added measures of functional ability, NEADL and 6MWD, as covariates into 231 separate models (Models 2 and 3). Model 2 again revealed no main effects of time on 232 sedentary behaviour. A higher NEADL score was associated cross-sectionally with less 233 sedentary time (β=-0.11, S.E.=0.01, P<0.001), a shorter weighted median sedentary bout 234 length (β=-0.08, S.E.=0.02, P<0.001) and higher fragmentation suggesting that patients 235 interrupted sitting more often (β=0.10, S.E.=0.02, P<0.001). No main or interaction effects 236 were found in Model 3 which included 6MWD as covariate (Table 3) . S.E.=0.05, P<0.01). Further, a higher NIHSS severity score was associated cross-sectionally 251 with a lower 6MWD (β=-0.26, S.E.=0.08, P < 0.001) (Table 4) Another finding of this study is that higher stroke severity was associated with greater 284 sedentary behaviour. This is not surprising given that mobility impairments after stroke tend 285 to be associated with more severe strokes. Interestingly, although many of the stroke 286 survivors in our cohort had made a good functional recovery and were able to mobilise 287 independently, they spent long periods of time sitting. We acknowledge that breaking up 288 sedentary time in stroke survivors who are unable to mobilise independently may be 289
challenging. An intervention targeted at reducing sedentary behaviour could offer a feasible 290 approach to start behavioural change in this group. 35 
292
The diurnal pattern observed here is different from the (inverse) activity profiles commonly 293 found in healthy people which typically show two peaks of activity mid-morning and 294 afternoon. 36 In contrast, our study cohort tended to be the least sedentary mid-morning, 295 followed by a continuous increase in sedentary time in the afternoon and evening. This could 296 be related to energy depletion in the morning resulting in afternoon fatigue. Further, the 297 sedentary behaviour profiles in the present stroke cohort resemble activity patterns found in 298 patients with Parkinson's disease 36 , suggesting that these might be a feature of certain 299 neurological conditions. 300
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Reducing the prolonged sedentary bouts in the afternoon and evening may be a suitable target 302 for intervention. An alternative would be to promote activity pacing by segmenting physical 303 activity into short bouts of activity, interrupting sedentary time throughout the day. Indeed, 304 preliminary evidence suggests that frequently interrupting sedentary time may have 305 beneficial effects on metabolic health and haemostasis 9, 37 highlighting that both the amount 306 and patterns of sedentary behaviour are important for health. 307
308
This study has several strengths. It is the first to explore longitudinal patterns in objectively-309 measured sedentary behaviour over the first year after stroke. The present sample size is 310 larger compared to similar-type studies including the study by Moore at al. 14 , and participants 311 were followed up during a longer period of time. Further, it is the first study to take into 312 account functional ability. Sedentary behaviour was measured objectively with a valid body 313 worn sensor which is regarded as gold standard compared to other sensors and by self-314 report. 38, 39 We used a number of validated measures to obtain a more complete picture of the 315 pattern and dynamics of sedentary behaviour after stroke. 6 We have also shown the diurnal There are limitations. We obtained valid body worn sensor data from only 71% of the 323 original sample. This is substantially higher than previously reported compliance rates 40 , but 324 may nonetheless have introduced differential bias. However, the final study sample (i.e. 325 patients with at least one valid activPAL TM recording) did not differ from the original sample M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
18 with respect to baseline characteristics. Some patients did not attend follow-up assessments 327 for a variety of reasons. The majority of the patients in our cohort had minor neurological 328 deficits. These factors limit the generalisability of findings. It should be noted however that 329 patients with more severe stroke are likely to spend even more time in sedentary activities 330 compared to the present cohort as suggested by our results. A number of other factors not 331 addressed here may have predisposed patients to a sedentary lifestyle, including fatigue, 332 depression and anxiety. [41] [42] [43] Further research into the determinants of sedentary behaviour 333 after stroke is needed to inform targeted interventions. 334
A trend toward improvement in functional ability over time was noted, but this did 335 not reach statistical significance. There are several possibly reasons for this: the stroke 336 survivors whom we recruited had already reached a plateau of functional recovery; the study 337 was not powered enough for NEADL and 6MWD; or these measures did not have sufficient 338 responsiveness. Indeed, the changes in NEADL and 6MWD we observed were smaller than 339 the minimal detectable changes reported for these measures. 27 
